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(57) A system and method for performing electrosur- 
gical procedures are disclosed. The system includes an 
electrosurgical generator adapted to supply energy at an 
output level to tissue. The electrosurgical generator in- 
cludes a microprocessor adapted to generate a desired 
impedance trajectory having at least one slope. The tar- 
get impedance trajectory includes one or more target im- 
pedance values. The microprocessor is also adapted to 
drive tissue impedance along the target impedance tra- 
jectory by adjusting the output level to substantially match 
tissue impedance to a corresponding target impedance 
value. The microprocessor is further adapted to compare 
tissue impedance to a threshold impedance value and 
adjust output of the electrosurgical generator when the 
tissue impedance is equal to or greaterthan the threshold 
impedance. The system also includes an electrosurgical 
instrument including at least one active electrode adapt- 
ed to apply electrosurgical energy to tissue. 
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Description 
PRIORITY CLAIM 

[0001] This application claims priority to a U.S. Provi- 
sional Application Serial No. 60/761,443 entitled "System 
and Method for Tissue Sealing" filed by Robert Wham et 
al. on 1/24/2006. The entire contents of which is incor- 
porated by reference in its entirety herein. 

BACKGROUND 

Technical Field 

[0002] The present disclosure relates to an electrosur- 
gical system and method for performing electrosurgical 
procedures. More particularly, the present disclosure re- 
lates to determining when a particular tissue treatment 
process is complete based on sensed tissue properties 
and other predefined values. 

Background of Related Art 

[0003] Energy based tissue treatment is well known in 
the art. Various types of energy (e.g., electrical, ultrason- 
ic, microwave, cryo, heat, laser, etc.) are applied to tissue 
to achieve a desired result. Electrosurgery involves ap- 
plication of high radio frequency electrical current to a 
surgical site to cut, ablate, coagulate, seal or otherwise 
tissue. In monopolar electrosurgery, a source or active 
electrode delivers radio frequency energy from the elec- 
trosurgical generator to the tissue and a return electrode 
carries the current bacl< to the generator. In monopolar 
electrosurgery, the source electrode is typically part of 
the surgical instrument held by the surgeon and applied 
to the tissue to be treated. A patient return electrode is 
placed remotely from the active electrode to carry the 
current bacl< to the generator. 

[0004] In bipolar electrosurgery, one of the electrodes 
of the hand-held instrument functions as the active elec- 
trode and the other as the return electrode. The return 
electrode is placed in close proximity to the active elec- 
trode such that an electrical circuit is formed between the 
two electrodes (e.g., electrosurgical forceps), in this man- 
ner, the applied electrical current is limited to the body 
tissue positioned between the electrodes. When the elec- 
trodes are sufficiently separated from one another, the 
electrical circuit is open and thus inadvertent contact with 
body tissue with either of the separated electrodes does 
not cause current to flow. 

[0005] It is known in the art that sensed tissue feedback 
may be used to control delivery of electrosurgical energy. 

SUMMARY 

[0006] The present disclosure relates to system and 

method for determining completion of electrosurgical 
treatment. The system includes an electrosurgical gen- 



erator having a microprocessor and sensor circuitry. Sen- 
sor circuitry continually monitors tissue impedance and 
measures offset impedance. The microprocessor com- 
pares tissue impedance to a threshold impedance value 
5 which is defined as a function of the offset impedance 
and a hard-coded ending impedance value. If the tissue 
impedance is at or above the threshold impedance value 
the treatment is complete and the system adjusts the 
output of the generator. 

[0007] According to one aspect of the present disclo- 
sure an electrosurgical system is disclosed. The system 
includes an electrosurgical generator adapted to supply 
energy at an output level to tissue. The electrosurgical 
generator includes a microprocessor adapted to gener- 
ate a desired impedance trajectory having at least one 
slope. The target impedance trajectory includes one or 
more target impedance values. The microprocessor is 
also adapted to drive tissue impedance along the target 
impedance trajectory by adjusting the output level to sub- 
stantially match tissue impedance to a corresponding tar- 
get impedance value. The microprocessor is further 
adapted to compare tissue impedance to a threshold im- 
pedance value and adjust output of the electrosurgical 
generator when the tissue impedance is equal to or great- 
er than the threshold impedance. The system also in- 
cludes an electrosurgical instrument including at least 
one active electrode adapted to apply electrosurgical en- 
ergy to tissue. 

[0008] Another aspect of the present disclosure in- 
cludes a method for performing an electrosurgical pro- 
cedure. The method includes the steps of: applying elec- 
trosurgical energy at an output level to tissue from an 
electrosurgical generator and generating a target imped- 
ance trajectory. The target impedance trajectory includes 
one or more target impedance values. The method also 
includes the steps of driving tissue impedance along the 
target impedance trajectory by adjusting the output level 
to match tissue impedance to a corresponding target im- 
pedance value and comparing tissue impedance to a 
threshold impedance value and adjusting the output of 
the electrosurgical generator when the tissue impedance 
is equal to or greater than the threshold impedance. 
[0009] According to a further aspect of the present dis- 
closure an electrosurgical generator is disclosed. The 
electrosurgical generator includes an RF output stage 
adapted to supply electrosurgical energy to tissue. The 
electrosurgical generator also includes a microprocessor 
adapted to generate a desired impedance trajectory hav- 
ing at least one slope. The target impedance trajectory 
includes one or more target impedance values. The mi- 
croprocessor is also adapted to drive tissue impedance 
along the target impedance trajectory by adjusting the 
output level to substantially match tissue impedance to 
a corresponding target impedance value. The microproc- 
essor is further adapted to compare tissue impedance to 
a threshold impedance value and adjust output of the 
electrosurgical generator when the tissue impedance is 
equal to or greater than the threshold impedance. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[001 0] Various embodiments of the present disclosure 
are described herein with reference to the drawings 
wherein: 

Fig. 1 is a schematic blocl< diagram of an electrosur- 
gical system according to the present disclosure; 
Fig. 2 is a schematic block diagram of a generator 
according to the present disclosure; and 
Fig. 3 is a flow diagram illustrating a method accord- 
ing to the present disclosure. 

DETAILED DESCRIPTION 

[0011] Particular embodiments of the present disclo- 
sure will be described hereinbelow with reference to the 
accompanying drawings. In the following description, 
well-known functions or constructions are not described 
in detail to avoid obscuring the present disclosure in un- 
necessary detail. Those skilled in the art will understand 
that the present disclosure may be adapted for use with 
either an endoscopic instrument or an open instrument. 
[0012] It is envisioned the method may be extended 
to other tissue effects and energy- based modalities in- 
cluding, but not limited to ultrasonic, laser, microwave, 
and cryo tissue treatments. It is also envisioned that the 
disclosed methods are based on impedance measure- 
ment and monitoring but other tissue and energy prop- 
erties may be used to determine state of the tissue, such 
as temperature, current, voltage, power, energy, phase 
of voltage and current. It is further envisioned that the 
method may be carried out using a feedback system in- 
corporated into an electrosurgical system or may be a 
stand-alone modular embodiment (e.g., removable mod- 
ular circuit configured to be electrically coupled to various 
components, such as a generator, of the electrosurgical 
system). 

[0013] The present disclosure relates to a method for 
controlling energy delivery to tissue based on tissue feed- 
back. If electrosurgical energy is being used to treat the 
tissue, the tissue characteristic being measured and 
used as feedback is typically impedance and the inter- 
rogatory signal is electrical in nature. If other energy is 
being used to treat tissue then interrogatory signals and 
the tissue properties being sensed vary accordingly. For 
instance the interrogation signal may be achieved ther- 
mally, audibly, optically, ultrasonically, etc. and the initial 
tissue characteristic may then correspondingly be tem- 
perature, density, opaqueness, etc. The method accord- 
ing to the present disclosure is discussed using electro- 
surgical energy and corresponding tissue properties 
(e.g., impedance). Those skilled in the art will appreciate 
that the method may be adopted using other energy ap- 
plications. 

[0014] Fig. 1 is a schematic illustration of an electro- 
surgical system according to the present disclosure. The 
system includes an electrosurgical instrument 1 0 having 



one or more electrodes for treating tissue of a patient P. 
The instrument 10 may be either a monopolar type in- 
cluding one or more active electrodes (e.g., electrosur- 
gical cutting probe, ablation electrode(s), etc.) or a bipolar 

5 type including one or more active and return electrodes 
(e.g., electrosurgical sealing forceps). Electrosurgical RF 
energy is supplied to the instrument 10 by a generator 
20 via a supply line 12, which is operably connected to 
an active output terminal, allowing the instrument 10 to 

10 coagulate, seal, ablate and/or othenwise treat tissue. 
[001 5] If the instrument 1 0 is a monopolar type instru- 
ment then energy may be returned to the generator 20 
through a return electrode (not explicitly shown) which 
may be disposed on the patient's body. The system may 

15 also include a plurality of return electrodes which are ar- 
ranged to minimize the chances of damaged tissue by 
maximizing the overall contact area with the patient P. 
In addition, the generator 20 and the monopolar return 
electrode may be configured for monitoring so called "tis- 

20 sue-to-patient" contact to insure that sufficient contact 
exists therebetween to further minimize chances of tissue 
damage. 

[0016] If the instrument 1 0 is a bipoiartype instrument, 
the return electrode is disposed in proximity to the active 
25 electrode (e.g., on opposing jaws of a bipolar forceps). 

It is also envisioned that the generator 20 may include a 
plurality of supply and return terminals and a correspond- 
ing number of electrode leads. 

[0017] The generator 20 includes input controls (e.g., 
30 buttons, activators, switches, touch screen, etc.) for con- 
trolling the generator 20. In addition, the generator 20 
may include one or more display screens for providing 
the surgeon with a variety of output information (e.g., 
intensity settings, treatment complete indicators, etc.). 
35 The controls allow the surgeon to adjust power of the RF 
energy, waveform, and other parameters to achieve the 
desired waveform suitable for a particular task (e.g., co- 
agulating, tissue sealing, intensity setting, etc.). It is also 
envisioned that the instrument 1 0 may include a plurality 
40 of input controls which may be redundant with certain 
input controls of the generator 20. Placing the input con- 
trols at the instrument 1 0 allows for easier and faster 
modification of RF energy parameters during the surgical 
procedure without requiring interaction with the genera- 
ls tor 20. 

[001 8] Fig. 2 shows a schematic block diagram of the 

generator 20 having a controller 24, a high voltage DC 
power supply 27 ("HVPS") and an RF output phase 28. 
The HVPS 27 provides high voltage DC power to an RF 

50 output phase 28 which then converts high voltage DC 
power into RF energy and delivers the high frequency 
RF energy to the active electrode 24. In particular, the 
RF output phase 28 generates sinusoidal waveforms of 
high frequency RF energy. The RF output phase 28 is 

55 configured to generate a plurality of waveforms having 
various duty cycles, peak voltages, crestfactors, and oth- 
er parameters. Certain types of waveforms are suitable 
for specific electrosurgical modes. For instance, the RF 
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output phase 28 generates a 1 00% duty cycle sinusoidal 
waveform in cut nnode, which is best suited for dissecting 
tissue and a 25% duty cycle waveform in coagulation 
mode, which is best used for cauterizing tissue to stop 
bleeding. 

[0019] The controller 24 includes a microprocessor 25 
operably connected to a memory 26 which may be vol- 
atile type memory (e.g., RAM) and/or non-volatile type 
memory (e.g., flash media, disk media, etc.). The micro- 
processor 25 includes an output port which is operably 
connected to the HVPS 27 and/or RF output phase 28 
allowing the microprocessor 25 to control the output of 
the generator 20 according to either open and/or closed 
control loop schemes. 

[0020] A closed loop control scheme or feedback con- 
trol loop is provided that includes sensor circuitry 22 hav- 
ing one or more sensors for measuring a variety of tissue 
and energy properties (e.g., tissue impedance, tissue 
temperature, output current and/or voltage, etc.). The 
sensor circuitry 22 provides feedback to the controller 

24. Such sensors are within the purview of those skilled 
in the art. The controller 24 then signals the HVPS 27 
and/or RF output phase 28 which then adjust DC and/or 
RF power supply, respectively. The controller 24 also 
receives input signals from the input controls of the gen- 
erator 20 or the instrument 1 0. The controller 24 utilizes 
the input signals to adjust power outputted by the gen- 
erator 20 and/orperforms other control functions thereon. 
[0021] In particular, sensor circuitry 22 is adapted to 
measure tissue impedance. This is accomplished by 
measuring voltage and current signals and calculating 
corresponding impedance values as a function thereof 
at the sensor circuitry 22 and/or at the microprocessor 

25. Power and other energy properties may also be cal- 
culated based on collected voltage and current signals. 
The sensed impedance measurements are used as feed- 
back by the generator 20. 

[0022] The method of sealing tissue according to the 

present disclosure is discussed below with reference to 
Fig. 3 and Fig. 4. The method may be embodied in a 
software- based tissue treatment algorithm which is 
stored in memory 26 and is executed by microprocessor 
25. Fig. 4 shows an impedance overtime graph illustrat- 
ing various phases which tissue undergoes during par- 
ticular application of energy thereto. The decrease in tis- 
sue impedance as energy is applied occurs when tissue 
is being fused (e.g., vessel sealing), ablated, or desic- 
cated. It is generally known that at the onset of electrical 
energy (i.e., during tissue fusion, ablation, or desiccation) 
tissue heating results in a decreasing impedance toward 
a minimum value that is below the initial sensed imped- 
ance. Tissue impedance begins to rise almost immedi- 
ately when tissue is being coagulated. 
[0023] During phase I which is a pre-heating or early 
desiccation stage, the level of energy supplied to the tis- 
sue is sufficiently low and impedance of the tissue starts 
at an initial impedance value. As more energy is applied 
to the tissue, temperature therein rises and tissue imped- 



ance decreases. At a later point in time, tissue impedance 
reaches a minimum impedance value 210 which corre- 
sponds to tissue temperature of approximately 100° C, 
a boiling temperature for intra- and extra-cellular fluid 

5 boiling temperature. 

[0024] Phase M is a vaporization phase or a late des- 
iccation phase, during which tissue has achieved a phase 
transition from a moist, conductive to a dry, non-conduc- 
tive properties. In particular, as the majority of the intra- 

10 and extra-cellular fluids begin to rapidly boil during the 
end of phase I, impedance begins to rise above the min- 
imum impedance value 210. As sufficient energy is con- 
tinually applied to the tissue during phase II, temperature 
rises beyond the boiling point coinciding with minimum 

15 impedance value 210. As temperature continues to rise, 
tissue undergoes a phase change from moist state to a 
solid state and eventually a dried-out state. As further 
energy is applied, tissue is completely desiccated and 
eventually vaporized, producing steam, tissue vapors 

20 and charring. Those skilled in the art will appreciate that 
the impedance changes illustrated in Fig. 4 are illustrative 
of an exemplary electrosurgical procedure and that the 
present disclosure may be utilized with respect to elec- 
trosurgical procedures having different impedance 

25 curves and/or trajectories. 

[0025] Application of electrosurgical energy is control- 
led via an impedance feedback algorithm which controls 
output of the generator 20 as a function of the measured 
impedance signal. The impedance feedback algorithm 

30 is stored within the memory 26 and is executed by the 
microprocessor26. The tissue treatment algorithm drives 
measured tissue impedance along a predefined target 
impedance trajectories (e.g., downward in phase I, up- 
ward in phase II, etc.). This is accomplished by adjusting 

35 output of the generator 20 to match measured impedance 
values to corresponding target impedance values. More 
specifically, the tissue treatment algorithm identifies 
when tissue has been adequately treated for desiccation, 
coagulation, fusion and/or sealing to halt and/or shut-off 

40 energy application. 

[0026] In step 1 00, the instrument 1 0 engages the tis- 
sue and the generator 20 is activated (e.g., by pressing 
of a foot pedal or handswitch). In step 110, the tissue 
treatment algorithm is initialized and a configuration file 

45 is loaded. The configuration file includes a variety of pre- 
defined values which control the tissue treatment algo- 
rithm. In particular, an ending impedance value 220 and 
a reaction timer value are loaded. The ending impedance 
value in conjunction with an offset impedance value are 

50 used to calculate a threshold impedance value which de- 
notes completion of treatment. In particular, application 
of electrosurgical energy to tissue continues until tissue 
impedance is at or above the threshold impedance the 
threshold impedance is determined by adding the ending 

55 impedance value and the offset impedance value. The 
ending impedance value may range from about 1 0 ohms 
to about 1 000 ohms above the lowest measured imped- 
ance reached. 
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[0027] The termination condition may also include ap- 
plying electrosurgical energy for a predetermined period 
of time, i.e., reaction time, which is embodied by a reac- 
tion timer value. This ensures that the treatment process 
does not over cook tissue. The ending impedance value 
220 and the reaction timer are hard-coded and are se- 
lected automatically based on tissue type, the instrument 
being used and the settings selected by user. The ending 
impedance value 220 may be loaded at anytime during 
tissue treatment. Further, the ending impedance value 
220 and the reaction timer may also be entered by the 
user. 

[0028] In step 120, the generator 20 supplies electro- 
surgical energy to the tissue through the instrument 10. 
During application of energy to the tissue, impedance is 
continually monitored by the sensor circuitry 22. In par- 
ticular, voltage and current signals are monitored and 
corresponding impedance values are calculated at the 
sensor circuitry 22 and/or at the microprocessor 25. Pow- 
er and other energy properties may also be calculated 
based on collected voltage and current signals. The mi- 
croprocessor 25 stores the collected voltage, current, 
and impedance within the memory 26. 
[0029] In step 130, an offset impedance value is ob- 
tained. The offset impedance value is used to calculate 
a threshold impedance value that denotes completion of 
treatment. The threshold impedance is the sum of the 
ending impedance value 220 and the offset impedance 
value. The offset impedance value may be obtained in 
multiple ways depending on the electrosurgical proce- 
dure being performed. For example, the offset imped- 
ance may be tissue impedance measured at the time of 
maximum current being passed through tissue that is re- 
quired to facilitate a desired tissue effect. Using the 
threshold impedance value referenced and partially de- 
fined by the offset impedance value rather than simply 
an absolute value, i.e., the ending impedance value, ac- 
counts for different tissue types, jaw fills and varying sur- 
gical devices. 

[0030] Minimum measured impedance, i.e., the mini- 
mum impedance value 210, may also be used as the 
offset impedance value. This is particularly useful when 
tissue reacts normally in a desiccation process. As shown 
in Fig. 4, impedance drops from an initial value until the 
minimum impedance value 21 0 is reached. After a given 
time interval, the impedance rises again at the onset of 
desiccation as tissue reacts. The amount of time required 
forthe reaction to take place and/orthe minimum imped- 
ance value 21 0 can help define various treatment param- 
eters by identifying type of tissue, jaw fill or a particular 
device being used since the minimum impedance value 
210 is aligned with the beginning stage of desiccation. 
Consequently, the offset impedance value can be cap- 
tured at the point in time when the impedance slope be- 
comes positive, i.e., when the change of impedance over 
time (dzdt) is greater than zero or dzdt is approximately 
zero. Further, the offset impedance value may be calcu- 
lated from a variety of different methods and utilizing a 



variety of different parameters such as: the starting tissue 
impedance, the impedance at minimum voltage, the im- 
pedance at either a positive or negative slope change of 
impedance, and/or a constant value specified within the 

5 programming or by the end user. The starting impedance 
may be captured at the outset of the application of the 
electrosurgical procedure via an interrogatory pulse. 
[0031] In step 1 40, the timing of the reaction period is 
commenced to ensure that the reaction period does not 

10 exceed the reaction timer. Energy application continues 
until the threshold impedance value is reached before 
the expiration of the reaction timer. As discussed above, 
energy application varies for different types of tissues 
and procedures, therefore it is desirable that the reaction 

15 timer, similarto the threshold impedance, is also tailored 
to suit particular operational requirements. For this pur- 
pose, a time offset period is utilized. In particular, the time 
offset period is added to the reaction timer to extend the 
duration of energy application. Multiple time offset period 

20 values may be hard-coded (e.g., in a look-up table) so 
that during the procedure an appropriate value is loaded. 
The user may also select a desired time offset period. 
[0032] The time offset period and the offset impedance 
values may also be obtained when measured impedance 

25 deviates from the target trajectory. Deviation from a pre- 
scribed target trajectory at any sub-segment of an energy 
cycle or throughout the entire cycle are tracked. When 
deviation is outside the prescribed threshold range for 
allowed deviation, which is predefined by user or hard- 

30 coded, the offset impedance and the time offset period 
are used in the manner described above. 
[0033] I n step 1 50, the impedance feedback algorithm 
calculates a target impedance trajectory based on variety 
of values such as: initial measured impedance, desired 

35 rate of change which is represented as a slope of the 
trajectory, and the like. In particular, the algorithm calcu- 
lates a target impedance value at each time-step, based 
on a predefined desired rate of change (i.e., slope) of 
impedance overtime (dZ/dt). The desired rate of change 

40 nnay be stored as a variable and be loaded during step 
1 00 or may be selected manually or automatically based 
on tissue type determined by the selected instrument. 
[0034] The target impedance takes the form of a target 
trajectory starting from a predetermined point (e.g., initial 

45 impedance value and time value corresponding to a point 
when tissue reaction is considered real and stable). It is 
envisioned that the trajectory could take a non-linear 
and/or quasi-linear form. The target trajectory may have 
a positive or a negative slope depending on the electro- 

50 surgical procedure being performed as shown in Fig. 4. 
During coagulation and/or tissue sealing it is desirable 
to drive tissue impedance from a low impedance value 
to a high impedance value. In such circumstances the 
target trajectory has a linear or quasi-linear shape. 

55 [0035] In step 1 60, the impedance feedback algorithm 
matches measured impedance to the target impedance 
trajectory. The impedance feedback algorithm attempts 
to adjust the tissue impedance to match the target im- 
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pedance. While the algorithm continues to direct the RF 
energy to drive the tissue impedance to match the spec- 
ified trajectory, the algorithm monitors the impedance to 
make the appropriate corrections. 
[0036] In step 170, the algorithm determines whether 
tissue treatment is complete and the system should 
cease RF energy. This is determined by monitoring the 
actual measured impedance to determine If the actual 
measured impedance Is at or above the predetermined 
threshold impedance. In step 180, the system monitors 
whether the amount of time to reach the threshold im- 
pedance exceeds the reaction timer plus the time offset 
period. If the impedance is at or above the threshold im- 
pedance and/or the sum of the reaction timer and the 
time offset period has expired then the algorithm is pro- 
grammed to signal completion of treatment and the gen- 
erator 20 Is shot off or Is returned to an Initial state. The 
algorithm may also determine if the measured imped- 
ance is greater than threshold impedance for a predeter- 
mined period of time. This determination minimizes the 
likelihood of terminating electrosurgical energy early 
when the tissue is not properly or completely sealed. 
[0037] Other tissue and/or energy properties may also 
be employed for determining termination of treatment, 
such as for example tissue temperature, voltage, power 
and current. In particular, the algorithm analyzes tissue 
properties and then acquires corresponding impedance 
values and offsettimes atthe specified points in the tissue 
response or trajectory and these values or times can be 
stored and/or used as absolute or reference shut-off im- 
pedances and/or times in the manner discussed above. 
[0038] While several embodiments of the disclosure 
have been shown in the drawings and/or discussed here- 
in, it is not intended that the disclosure be limited thereto, 
as it is intended that the disclosure be as broad in scope 
as the art will allow and that the specification be read 
likewise. Therefore, the above description should not be 
construed as limiting, but merely as exemplifications of 
particular embodiments. Those skilled in the art will en- 
vision other modifications within the scope and spirit of 
the claims appended hereto. 



Claims 

1. An electrosurgical system comprising: 
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an electrosurgical generator adapted to supply 
electrosurgical energy to tissue, the electrosur- 
gical generator including: 50 



a microprocessor adapted to generate a tar- 
get impedance trajectory having at least 
one slope, wherein the target impedance 
trajectory Includes a plurality of target Im- 
pedance values, the microprocessor also 
adapted to drive tissue impedance along 
the target impedance trajectory by adjusting 



the output level to substantially match tissue 
Impedance to a corresponding target im- 
pedance value, the microprocessor further 
adapted to compare tissue impedance to a 
threshold impedance value and adjust out- 
put of the electrosurgical generator when 
the tissue impedance is equal to or greater 
than the threshold impedance; and 
an electrosurgical instrument including at 
least one active electrode adapted to apply 
electrosurgical energy to tissue. 

An electrosurgical system as in claim 1 , wherein the 
microprocessor is further adapted to generate the 
threshold impedance value as a function of an offset 
impedance value and an ending impedance value. 

An electrosurgical system as in claim 2, wherein the 
offset impedance value is selected from the group 
consisting of an Impedance value corresponding to 
maximum current value, a minimum impedance val- 
ue and an Initial Impedance value. 

An electrosurgical system as in claim 1 , wherein the 
microprocessor Is further adapted to compare dura- 
tion of a reaction period to a reaction timer value and 
adjust output of the electrosurgical generator when 
the duration of the reaction period is equal to or great- 
er than the reaction timer value. 

An electrosurgical system as in claim 4, wherein the 
microprocessor is further adapted to compare dura- 
tion of the reaction period to a sum of the reaction 
timer value and atime offset period and adjust output 
of the electrosurgical generator when the duration 
of the reaction period is equal to or greater than the 
sum of the reaction timer value and the time offset 
period. 



40 6. An electrosurgical generator comprising: 



an RF output stage adapted to supply electro- 
surgical energy to tissue; and 
a microprocessor adapted to generate a target 
impedance trajectory having at least one slope, 
wherein the target Impedance trajectory In- 
cludes a plurality of target impedance values, 
the microprocessor also adapted to drive tissue 
impedance along the target impedance trajec- 
tory by adjusting the output level to substantially 
match tissue impedance to a corresponding tar- 
get impedance value, the microprocessor fur- 
ther adapted to compare tissue impedance to a 
threshold Impedance value and adjust output of 
the electrosurgical generator when the tissue 
impedance Is equal to or greaterthan thethresh- 
old impedance. 
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7. An electrosurgical generator as in claim 6, wherein 
the nnicroprocessor is further adapted to generate 
the threshold impedance value as a function of an 
offset impedance value and an ending impedance 
value. 5 

8. An electrosurgical generator as in claim 7, wherein 
the offset impedance value is selected from the 
group consisting of an impedance value correspond- 
ing to maximum current value, a minimum imped- fo 
ance value and an initial impedance value. 

9. An electrosurgical generator as in claim 6, wherein 
the microprocessor is further adapted to compare 
duration of a reaction period to a reaction timer value 15 
and adjust output of the electrosurgical generator 
when the duration of the reaction period is equal to 

or greater than the reaction timer value. 

10. An electrosurgical generator as in claim 9, wherein 20 
the microprocessor is further adapted to compare 
duration of the reaction period to a sum of the reac- 
tion timer value and a time offset period and adjust 
output of the electrosurgical generator when the du- 
ration of the reaction period is equal to or greater 25 
than the sum of the reaction timer value and the time 
offset period. 
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